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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction

In RANP# 97e, a WID on NR NTN is revised and approved, and the scope for working item on coverage enhancement is as following:

The work item aims at specifying enhancements for NG-RAN based NTN (Non-Terrestrial Networks) according to the following assumptions with implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air To Ground) scenarios:

· GSO (Geo Synchronous Orbit) and NGSO (Non Geo Synchronous Orbit). NGSO includes Low Earth Orbit (LEO) and Medium Earth Orbit (MEO).
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS (Global Navigation Satellite Systems) capabilities
· Both “VSAT” (Very Small Aperture Terminal) devices with directive antenna (including fixed and moving platform mounted devices and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.

Note 1: In Rel-17 WID, “VSAT” device with external antenna on moving platform is equivalent to a device that operate on platforms in motion, and this is referred to as ESIM (Earth Station In Motion).

Note 2: The Rel-17 NTN architecture is assumed.

The detailed objectives are to specify enhancing features to Rel-15, 16 & 17’s NR radio interface & NG-RAN as follows:

4.1.1	Coverage enhancement

The Rel-18 NTN objectives are focused on the applicability of the solutions developed by general NR coverage enhancement to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). 

The following sentence will be revisited in RAN#99 as part of the DL enhancements discussion:
“The evaluation should also take into account any related regulatory requirements, e.g., ITU limitation of power flux density.” No work on this topic will take place in RAN WGs before the discussion on DL enhancements in RAN#99.

The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.


 The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To study DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) and, if necessary, specify enhancements to the Rel-17 procedures [RAN1]

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Evaluate the coverage performance and identify the candidate physical radio channels that have coverage issues specific to NTN with following target services taking into account the studies in TR38.830 where appropriate, as well as general coverage enhancement techniques specified in Rel-18 [RAN1,RAN2,RAN4]
· VoIP and low-data rate services for commercial handset terminals
[bookmark: _Hlk90207880]The following items are shown as examples of areas to consider in the RAN2 study.
· Improved performance of low-rate codecs in link budget limited situation including reducing RAN protocol overhead for VoNR
· NOTE: Intent is not to introduce a new codec.

[bookmark: _Hlk86407239]RAN to determine by RAN#97 (for RAN1 items) and RAN#98 (for RAN2 items) whether the study phase has identified any need for NTN-specific coverage enhancements in Rel-18. If needed, the set of NTN-specific work item objectives will be further updated.

It can be concluded that PUCCH for msg4 HARQ-ACK and PUSCH with DMRS bundling will be focused for NTN coverage enhancement considering time/frequency pre-compensation. In this contribution, we focus on PUSCH with DMRS bundling.
2 Discussion
2.1 Repetition based coverage enhancement
2.1.1 Coverage enhancement in legacy NR release
There are various aspects specified in R17 coverage enhancement:
The first aspect is that PUSCH repetition Type A supports the increase of maximum number of repetitions with repetition factors configured in UE-specific RRC parameters. The maximum number of repetitions accounted for physical slots or available slots is 32. The UE shall repeat TB across the multiple slots determined for the PUSCH transmission, applying the same symbol allocation in each slot.
The second aspect is that a TB can be transmitted in multiple slots. When transmitting PUSCH scheduled by DCI, the number of slots used for TBS determination N and the number of repetitions K of the number of slots N used for TBS determination are configured by higher layer parameter. The TB size will be determined by the number of multiple slots. 
The third aspect is joint channel estimation across multiple consecutive slots based on the conditions to keep power consistency and phase continuity. In the joint channel estimation, nominal TDW (time domain window) is introduced to specify the channel bunding time duration. The duration of each nominal TDW except the last nominal TDW, in number of consecutive slots, is given by higher layer configuration. A nominal TDW consists of one or multiple actual TDWs. The start of the first actual TDW is the first symbol of the first PUSCH transmission in a slot for PUSCH/PUCCH transmission within the nominal TDW. The end of an actual TDW is the last symbol of the last PUSCH transmission in a slot within the nominal TDW or the last symbol of a PUSCH transmission before an event.
2.1.2 Analysis of large propagation delay and satellite movement
For NR NTN network, there are several NTN-specific characteristics: large propagation delay and satellite movement. The large propagation may lead to large TA value, necessity of K-offset and K-mac for timing relationship between downlink and uplink, and misalignment between downlink slot index and uplink slot index for both gNB and UE side. 
The satellite movement may lead to the change of propagation delay for both service link and feeder link. For feeder link, the updated propagation delay will be determined by the common TA and the corresponding drift rate indicated in SIB. For the service link, the updated propagation delay will be determined by the UE’s position and the satellite’s position. The satellite’s position is determined based on the indicated satellite ephemeris. UE’s position can be measured by the UE itself with its GNSS module. Configuration of GNSS measurement gap from gNB to UE is necessary. Both the common TA and the satellite ephemeris will be associated with a timer. And the new common TA and the new satellite ephemeris should be derived by the UE before expiration of the timer for proper operation. The satellite movement will make the TA UE derived for uplink transmission compensation change from time to time. The TA update may change the uplink transmission timing. The TA update may also lead to UE reporting of the updated TA, and based on the reporting, gNB may determine an updated K-offset. The gNB may further indicate it to UE by MAC CE. The updated K-offset is applied after a duration(3ms) from UE transmitting A/N corresponding to the PDSCH carrying the MAC CE. In a word, satellite movement may lead to update of TA and update of K-offset.
2.1.3 Impact of large propagation delay and satellite movement to available slot
When TA is update due to satellite movement based on UE derivation, UE needs to report the updated TA to gNB, and gNB may also indicate an updated K-offset in MAC CE to determine the timing relationship between downlink and uplink accordingly. Based on the legacy timing adaptation, the updated K-offset is applied in a slot which is 3ms after A/N transmission corresponding to PDSCH carrying the MAC CE. However, the adaptation slot for the update K-offset can be a slot that multiple repetitions of an uplink channel are transmitted, which will lead the UE behavior ambiguity.  There are two alternatives to determine when to apply the updated K-offset:
· Alt 1: Application of the updated K-offset can be at the start of each repetition of the uplink channel; 
· Alt 2: Application of the updated K-offset can only be at the first repetition of the uplink channel.
Our preference is Alt 2. The reason is that using updated K-offset within the multiple repetitions of an uplink channel may lead to transmission symbol/slot overlapping or transmission gap, This is not desirable. 
Proposal 1: Updated K-offset MAC CE is applied at the start of the first repetition of an uplink channel.
2.1.4 Impact of large propagation delay and satellite movement to joint channel estimation
For joint channel estimation, a window duration will be configured from gNB to UE. During the window, it is expected that the transmission phase is not changed, so that joint channel estimation is possible. The window is consisting of uplink time domain resource, and the start of the window is determined to be the first scheduled uplink channel. 
Regarding the impact of large propagation delay, it will only impact the start of the window, and existing solutions can work.
Regarding the impact of satellite movement, there may be TA update within the window. As pre R17 agreement, TA update should be considered to be an event which terminates the joint channel estimation window. So in R18, when there is a TA updated due to satellite movement, it should also be considered as an event to terminate the window.
Regarding update of K-offset within the joint channel estimation window, it is preferred that application of K-offset is only at the start of the joint channel estimation window similar to the case of available slots.
Proposal 2: There is no impact of large propagation delay to joint channel estimation window.
Proposal 3: A TA update can be considered as an event to terminate the joint channel estimation window.
Proposal 4: Application of updated K-offset is only at the start of the joint channel estimation window.
Regarding impact of large propagation delay and satellite movement to TB over multiple slots, similar observations and proposals can be made as joint channel estimation and determination of available slots.
2.2 Reduce polarization loss
There will be LHCP, RHCP and linear polarization in NR network. Depending upon UE capability, a UE may have linear, LHCP, RHCP or both RHCP and LHCP polarization types. In R17, polarization related issue is discussed. It is concluded that a polarization type at satellite gNB can be broadcasted by SIB, and only when the polarization mode is matched between gNB and UE, the UE can access the network. There are also other schemes discussed such as polarization multiplexing, however, no agreement is achieved.
For a UE with linear polarization, if the satellite gNB adopts LHCP or RHCP, there will be 3dB polarization loss due to mismatch. Especially this mismatch loss will lead to a reduction of coverage during initial access and potential occurrence of beam failure. Hence, a polarization type for initial access channels (especially for uplink channels Msg1/Msg3 that may already be pruned to low coverage) may need to be configured by the network. Therefore, it is preferred that the polarization mode between gNB and UE is matched in order to reduce the polarization mismatch loss. Rather than just deny the UE’s access, it is preferred that the satellite gNB can serve UEs with different polarization types with matched polarization mode. UEs with different polarization types can be served at different time instances. That is, the gNB serves a UE with LHCP by setting the gNB’s polarization mode to LHCP at a first time domain resource, and the gNB serves another UE with linear polarization mode by setting the gNB’s polarization mode to linear at a second time domain resource. Different polarization modes can be associated with different CSI-RS resources or SSB indices. During the initial access procedure, gNB can identify the UE’s polarization mode, so that proper scheduling can be performed. Indication of the polarization mode to a UE can reuse existing TCI framework, so the spec impact is marginal.
Proposal 5: Study the impact of polarization loss on the coverage of initial access procedure
Proposal 6: Study the scenario where gNB adopts different polarization modes to serve UEs with different polarizations modes at different time instances.
Proposal 7: Study the association between polarization mode and RS.
2.3 [bookmark: _Hlk101973196]Diversity based coverage enhancement
Frequency hopping is already supported in legacy NR release. It can still be used to provide frequency domain diversity for NR NTN. Regarding NTN specific characteristics, diversity by utilizing different satellite or different carriers have been mentioned during previous discussion. However, the scenario is a bit complicated, and considering the limited TU, we don’t prefer such kind of diversity to be studied in R18. 
Polarization based diversity can also be considered. Polarization can be supported for both initial access procedure and data transmission in RRC connected state.  In initial access procedure, SSBs with different polarization mode can be used. In RRC connected state, different polarization modes can be used at least for different time domain resources to achieve diversity gain. Moreover, the uplink initial access channels are more vulnerable channels, owing to large path loss in NTN. In NR Rel 17, time domain repetitions for Msg 3 were supported. However, the number of supported repetitions may not be sufficient due to larger link budget requirements in NTN. One way to increase the coverage is to increase the number of time domain repetitions, but this would require sacrificing more resources. Alternatively, a polarization based repetition may already double the time domain repetitions, without the need of utilizing additional time-frequency resources, as one set of time-frequency domain repetitions may be transmitted with one type of polarization (e.g., LHCP) while the same set of time-frequency domain resources may additionally be transmitted with other polarization type (e.g., RHCP), i.e., a repetition in the polarization domain. 
[bookmark: OLE_LINK2][bookmark: _Hlk101537844]Proposal 8: Study the polarization based scheme for uplink initial access channels.
2.4 CSI aging compensation
Accurate CSI feedback helps gNB in scheduling optimal resources to a UE to achieve higher performance. However, longer transmission delays or large Doppler in NTN may have severe impact on accurate CSI feedback. This problem may be less severe in line-of-sight (LOS) channel conditions, where the channel is fairly stable. However, in non-line-of-sight (NLOS) channel conditions, this problem becomes severe since the channel ages (out-of-date), resulting in scheduling of outdated reported quantity from gNB to UE, thus reducing the overall performance/coverage. 
In Rel-16, a limited study was carried out to see the effect of increased CSI feedback delay on throughput performance. Some of the presented results show that delayed CSI feedback would result in reduce spectral efficiency especially in NLOS conditions. Different methods were evaluated where prediction-based CSI aging compensation showed an increase in system throughput. However, no agreements were achieved on solutions and their spec impact. It was concluded that the CSI framework specified in NR Rel-15 can be used for NTN link adaptation at least for LOS scenarios. In our view, this needs to be further studied especially by using the parameters for commercial smartphones with more realistic assumptions on antenna gains. Moreover, in our point of view, prediction-based methods would be more beneficial if implied by UEs than by the network. Furthermore, the specification impact for prediction-based CSI compensation needs to further be discussed. 
Proposal 9: Study the impact of CSI prediction on system performance in NLOS channel conditions.
3 Conclusion
In this contribution, we discussed the issues related to coverage enhancement for NR NTN, and our proposals are as following:
Proposal 1: Updated K-offset MAC CE is applied at the start of the first repetition of an uplink channel.
Proposal 2: There is no impact of large propagation delay to joint channel estimation window.
Proposal 3: A TA update can be considered as an event to terminate the joint channel estimation window.
Proposal 4: Application of updated K-offset is only at the start of the joint channel estimation window.
Proposal 5: Study the impact of polarization loss on the coverage of initial access procedure
Proposal 6: Study the scenario where gNB adopts different polarization modes to serve UEs with different polarizations modes at different time instances.
Proposal 7: Study the association between polarization mode and RS.
Proposal 7: Study diversity scheme based on polarization in R18.
Proposal 8: Study the polarization based scheme for uplink initial access channels.
Proposal 9: Study the impact of CSI prediction on system performance in NLOS channel conditions.
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